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(54)  A  semiconductor  laser  device. 
(g)  A  semiconductor  laser  device  comprises  a  substrate  (1  )  ;  a 
current  blocking  layer  (2)  disposed  on  the  substrate;  a  striped 
channel  (10)  formed  in  a  manner  to  reach  the  substrate  through 
the  current  blocking  layer;  a  striped  mesa  (11)  disposed  on  the 
area  of  the  V-channel  (10),  the  striped  mesa  being  constituted 
by  a  multi-layered  crystal  that  is  composed  of  a  first  cladding 
layer  (3),  an  active  layer  (4),  a  second  cladding  layer  (5),  and  a 
protective  layer  (6a)  in  that  order;  and  at  least  two  burying 
layers  (7)  and  (8)  having  at  least  one  of  the  following  two,  a 
pn-reverse  bias  junction  and  a  high  resistant  crystal,  the 
burying  layers  being  formed  on  both  sides  of  the  striped  mesa, 
wherein  the  protective  layer  is  made  of  Gai-xAlxAs  (x>0). 
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Description 

A  SEMICONDUCTOR  LASER  DEVICE 

resulting  in  carrier  unusable  for  laser  oscillation.  The 
unusable  carrier  results  in  unnecessary  light  and/or 
generates  unnecessary  heat,  causing  an  increase  in 
the  threshold  current  of  the  device  and  a  decrease  in 
reliability  of  the  device. 

To  overcome  the  problems  of  both  the  BH  laser 
device  and  the  VSIS  laser  device,  as  shown  in  Figure 
4A,  a  structure  of  semiconductor  laser  devices  in 
which  grooves  are  formed  on  both  sides  of  the 
V-channel  of  the  VSIS  laser  device  from  the 
protective  layer  6  to  the  current  blocking  layer  2  by 
an  etching  technique  and  subsequently  filled  with  a 
multi-layered  crystal  having  a  reverse  bias  junction 
has  been  proposed.  This  semiconductor  laser 
device  is  produced  as  follows:  On  a  p-GaAs 
substrate  1,  an  n-current  blocking  layer  2  is  formed, 
and  then  a  striped  V-channel  10  is  formed  in  such  a 
way  that  it  reaches  the  p-GaAs  substrate  1  through 
the  current  blocking  layer  2.  On  the  current  blocking 
layer  2  including  the  V-channel,  a  p-cladding  layer  3, 
an  active  layer  4,  an  n-cladding  layer  5,  and  an 
n-GaAs  protective  layer  6  is  successively  formed. 
Then,  grooves  are  formed  on  both  sides  of  the  area 
including  V-channel  10,  resulting  in  a  striped  mesa 
1  1  .  The  grooves  are  filled  with  a  p"-type  first  burying 
layer  7  and  a  p-type  second  burying  layer  8.  A  cap 
layer  9  by  which  ohmic  contact  is  attained  is  formed 
on  both  the  n-GaAs  protective  layer  6  and  the 
second  burying  layer  8.  This  semiconductor  laser 
device  is  advantageous  in  that  carrier  injected  into 
the  active  layer  4  only  diffuses  within  the  striped 
mesa  1  1  and  moreover  a  laser  beam  produced  in  the 
active  layer  is  absorbed  by  the  area  outside  of  the 
striped  channel  of  the  n-current  blocking  layer, 
resulting  in  a  suppression  of  the  occurrence  of  a 
high-order  mode.  However,  there  is  a  difference  in 
the  crystal  growth  rate  between  the  burying  layers, 
so  that  the  thicknesses  of  the  burying  layers  of  the 
reverse  bias  injunction  portion,  i.e.,  the  thicknesses 
of  the  p"-type  burying  layer  7  and  the  p-type  burying 
layer  8,  in  the  area  12  at  a  distance  from  the  striped 
mesa  1  1  become  equal  to  the  range  of  the  carrier 
diffusion  or  less.  Thus,  there  is  a  possibility  that,  as 
shown  in  Figure  4A,  leakage  current  II  flows  from  the 
mesa  to  the  burying  area  outside  of  the  mesa, 
resulting  in  a  limitation  of  the  decrease  in  the 
threshold  current.  When  the  crystal  growth  period  is 
enlarged  so  as  to  obtain  sufficiently  thick  layer 
thicknesses,  as  shown  in  Figure  4B,  a  multi-layered 
crystal  having  a  pn-reverse  bias  junction  is  grown  on 
the  mesa  11,  whereby  a  flow  of  current  that 
contributes  to  laser  oscillation  is  prevented,  causing 
a  decrease  in  the  device  characteristics. 

The  semiconductor  laser  device  of  this  invention, 
which  overcomes  the  above-discussed  and  numer- 
ous  other  disadvantages  and  deficiencies  of  the 
prior  art,  comprises  a  substrate;  a  current,  blocking 
layer  disposed  on  said  substrate;  a  striped  channel 
formed  in  a  manner  to  reach  said  substrate  through 
said  current  blocking  layer;  a  striped  mesa  disposed 
on  the  area  of  said  V-channel,  said  striped  mesa 

This  invention  relates  to  an  index  guided  semicon- 
ductor  laser  device  that  attains  laser  oscillation  at  an 
extremely  low  threshold  current  level.  5 

Conventional  semiconductor  laser  devices  are 
classified  into  two  groups,  gain-guided  semiconduc- 
tor  laser  devices  and  index  guided  semiconductor 
laser  devices,  according  to  their  optical  waveguiding 
mechanism.  Index  guided  semiconductor  laser  de-  10 
vices  are  superior  to  gain-guided  semiconductor 
laser  devices  in  view  of  transverse  mode  stabiliza- 
tion  that  is  important  in  practical  use.  Index  guided 
semiconductor  laser  devices  having  a  variety  of 
structures  have  been  proposed,  typical  examples  of  15 
which  are  BH  (buried  heterostructure)  lasers  and 
VSIS  (V-channeled  substrate  inner  stripe)  lasers. 

Figure  2  shows  a  conventional  BH  laser  device,  in 
which  a  double-heterostructure  with  a  laser-oscillat- 
ing  active  layer  24  sandwiched  between  the  cladding  20 
layers  23  and  25  is  formed  into  a  mesa  on  a  substrate 
21  and  a  burying  layer  27  having  a  low  refractive 
index  is  buried  outside  the  mesa.  The  BH  laser 
device  oscillates  a  laser  beam  according  to  an  index 
waveguiding  operation  and  has  a  low  threshold  25 
current  of  10  mA  or  less.  However,  if  a  proper 
refractive  index  is  not  applied  to  the  burying  layer  27 
and  if  a  proper  width  w  is  not  applied  to  the 
waveguide,  the  device  will  oscillate  in  a  high-order 
transverse  mode.  Thus,  the  BH  laser  device  is  30 
disadvantageous  in  that  it  is  restricted  by  production 
conditions.  Moreover,  in  order  for  the  BH  laser 
device  to  oscillate  in  a  fundamental  transverse 
mode,  the  width  of  the  waveguide  must  be  set  to 
be  2  \im  or  less,  which  causes  breakdown  of  the  35 
facets  at  a  relatively  low  output  power  level,  so  that 
mass-production  of  the  device  cannot  be  attained 
and  reliability  of  the  device  is  decreased.  The 
reference  numeral  26  is  a  cap  layer  by  which  ohmic 
contact  is  achieved.  40 

Figure  3  shows  a  conventional  VSIS  laser  device, 
which  is  produced  as  follows:  On  a  substrate  31,  a 
current  blocking  layer  32  is  disposed.  Then,  a  striped 
V-channel  30  with  the  width  w  is  formed  in  such  a 
way  that  it  reaches  the  substrate  31  through  the  45 
current  blocking  layer  32,  resulting  in  a  current  path. 
Then,  on  the  current  blocking  layer  32  including  the 
V-channel  30,  a  cladding  layer  33,  a  flat  active  layer 
34,  and  a  cladding  layer  35  are  successively  formed, 
resulting  in  a  double-heterostructure  multi-layered  50 
crystal  for  laser  oscillation  operation.  Even  when  the 
width  w  of  the  waveguide  is  set  at  a  value  of  as  large 
as  4-7  \im,  since  a  laser  beam  outside  of  the  wave 
guide  within  the  active  layer  34  is  absorbed  by  the 
substrate  31,  high-order  mode  gain  is  suppressed  55 
and  a  high-order  transverse  mode  does  not  occur. 
However,  the  threshold  current  of  this  VSIS  laser 
device  is  40-60  mA,  which  is  extremely  higher  than 
that  of  the  BH  laser  device.  This  is  because  current 
injected  into  the  device  is  confined  within  the  inner  60 
striped  structure  formed  by  the  current  blocking 
layer  32,  but  carrier  injected  into  the  active  layer  34 
diffuses  into  the  outside  of  the  active  layer  34, 



0  292  276 

being  of  a  multi-layered  crystal  that  is  composed  of  a 
first  cladding  layer,  an  active  layer,  a  second 
cladding  layer,  and  a  protective  layer  in  that  order; 
and  burying  layers  having  at  least  one  of  the 
following  two,  a  pn-reverse  bias  junction  and  a  high 
resistant  crystal,  said  burying  layer  being  formed  on 
both  sides  of  said  striped  mesa,  wherein  said 
protective  layer  is  made  of  Gai-xAlxAs  (x>0). 

In  a  preferred  embodiment,  the  the  value  of  x  is  in 
the  range  of  about  0.03  to  0.60. 

Thus,  the  invention  described  herein  makes 
possible  the  objectives  of  (1)  providing  a  semicon- 
ductor  laser  device  in  which  the  surface  of  the 
striped  mesa  is  made  of  a  crystal  containing  Al,  and 
accordingly  even  though  sufficiently  thick  burying 
layers  having  a  pn-reverse  bias  junction  and/or  a 
high  resistant  crystal  are  grown  outside  of  the  mesa, 
they  are  not  grown  on  the  mesa,  so  that  leakage 
current  can  be  remarkably  suppressed,  resulting  in  a 
decrease  in  the  threshold  current;  and  (2)  providing 
a  semiconductor  laser  device  that  attains  laser 
oscillation  in  a  stabilized  fundamental  transverse 
mode  up  to  a  high  optical  output. 

This  invention  may  be  better  understood  and  its 
numerous  objects  and  advantages  will  become 
apparent  to  those  skilled  in  the  art  by  reference  to 
the  accompanying  drawings  in  which: 

Figure  1  is  a  front  view  showing  a  semicon- 
ductor  laser  device  of  this  invention; 

Figure  2  is  a  front  view  showing  a  conven- 
tional  BH  laser  device; 

Figure  3  is  a  front  view  showing  a  conven- 
tional  VSIS  laser  device; 

Figure  4A  is  a  front  view  showing  a  conven- 
tional  semiconductor  laser  device  with  a  struc- 
ture  in  which  the  outside  of  the  V-channel  area 
of  a  VSIS  laser  is  buried  by  a  thin  multi-layered 
crystal;  and 

Figure  4B  is  a  front  view  showing  a  conven- 
tional  semiconductor  laser  device  with  a  struc- 
ture  in  which  the  outside  of  the  V-channel  area 
of  a  VSIS  laser  is  buried  by  a  thick  multi-layered 
crystal. 

The  liquid  phase  epitaxial  growth  of  crystals  on  a 
crystal  containing  Al  is  in  fact  suppressed.  Since  the 
protective  layer  of  a  semiconductor  laser  device  of 
this  invention  that  is  an  epilayer  of  the  mesa  is  made 
of  a  ternary  mixed  crystal  of  Gai-xAlxAs  (x>0),  the 
growth  of  burying  layers  on  the  mesa  is  prevented 
even  when  the  growth  period  is  enlarged,  so  that  the 
portions  of  the  burying  layers  at  a  distance  from  the 
mesa  can  be  made  thick  enough  to  suppress  any 
occurrence  of  leakage  current.  Accordingly,  the 
effective  flow  of  current  that  distributes  to  laser 
oscillation  is  achieved,  resulting  in  excellent  device 
characteristics.  Moreover,  since  the  thicknesses  of 
the  burying  layers  can  be  made  large,  the  scatter  of 
the  layer  thicknesses  within  the  wafer  is  minimized, 
which  results  in  an  improvement  of  the  production 
yield  of  the  laser  device. 

Figure  1  shows  a  semiconductor  laser  device  of 
this  invention,  which  comprises  a  p-GaAs  substrate 
1,  an  n-GaAs  current  blocking  layer  2  disposed  on 
the  substrate,  a  striped  channel  10  formed  in  a 
manner  to  reach  the  substrate  1  through  the  current 

blocking  layer  2,  and  a  striped  mesa  11  disposed  on 
the  area  of  the  V-channel  10.  The  striped  mesa  11  is 
constituted  by  a  multi-layered  crystal  that  is  com- 
posed  of  a  p-Gao.5sAlo.45As  first  cladding  layer  3,  a 

5  non-doped  Gao.88Alo.12As  active  layer  4,  an 
n-Gao.55Alo.45As  second  cladding  layer  5,  and  an 
n-Gao.80Alo.20As  protective  layer  6a  in  that  order.  A 
p--Gao.15Alo.85As  high  resistant  burying  layer  7  as  a 
first  burying  layer  and  a  p-Gao.85AIo.15As  burying 

10  layer  8  as  a  second  burying  layer  are  buried  outside 
of  the  striped  mesa  1  1  .  On  both  the  n-Ga0.80AI0.20As 
protective  layer  6a  and  the  p-Gao.85Alo.15As  burying 
layer  8,  an  n-type  cap  layer  9  by  which  ohmic  contact 
is  attained  is  formed. 

15  This  semiconductor  laser  device  is  produced  as 
follows:  On  a  p-GaAs  substrate  1  ,  an  n-GaAs  current 
blocking  layer  2  is  formed  by  liquid  phase  epitaxy 
(LPE).  Then,  a  V-channel  10  is  formed  in  such  a  way 
that  it  reaches  the  p-GaAs  substrate  1  through  the 

20  current  blocking  layer  2  by  a  photolithographic 
technique.  Then,  on  the  current  blocking  layer  2 
including  the  V-channel  10,  a  p-Gao.55Alo.45As  clad- 
ding  layer  3,  a  non-doped  Gao.88Ab.12As  active  layer  4 
with  a  thickness  of  0.08  |im,  an  n-Gao.55Alo.45As 

25  cladding  layer  5,  and  an  n-Ga0.80AI0.20As  protective 
layer  6a  are  successively  formed  by  LPE.  Thereafter, 
the  outside  of  the  multi-layered  crystal  positioned 
over  the  V-channel  10  is  removed  from  the  protec- 
tive  layer  6a  to  the  cladding  layer  3  by  an  etching 

30  technique  using  an  etchant  (H2SO4  :  H2O2  : 
H2O  =  2:4:  100),  resulting  in  a  striped  mesa  11  on 
the  V-channel  10.  When  the  outside  of  the  multi- 
layered  crystal  positioned  over  the  V-channel  10  is 
removed  in  such  a  way  that  it  reaches  the  current 

35  blocking  layer  2,  the  succeeding  growth  of  crystals 
in  the  removed  area  can  be  carried  out  by  LPE. 

Then,  a  p~-Gao.15Alo.85As  high  resistant  burying 
layer  7  (containing  Ge  as  an  acceptor)  as  a  first 
burying  layer  and  a  p-Gao.85Alo.15As  burying  layer  8  as 

40  a  second  burying  layer  are  successively  formed 
outside  of  the  mesa  11  by  LPE.  The  n-Ga0.a0AI0.20As 
protective  layer  6a  is  positioned  as  an  epilayer  on  the 
top  surface  of  the  mesa  11,  that  is,  the  crystal 
containing  Al  is  exposed  to  the  outside,  which 

45  causes  a  suppression  of  the  succeeding  crystal 
growth  thereon.  Thus,  so  that  the  occurrence  of 
leakage  current  IL  in  the  area  at  a  distance  from  the 
mesa  11  can  be  prevented,  even  though  the 
formation  of  the  first  and  second  burying  layers  7 

50  and  8  with  a  sufficient  thickness  each  in  the  range  of 
0.5  to  1  urn  are  intended,  these  layers  are  not  grown 
on  the  mesa  1  1  but  they  are  grown  outside  of  the 
mesa  11.  On  the  other  hand,  an  n-GaAs  cap  layer  9 
by  which  ohmic  contact  is  attained  is  grown  not  only 

55  on  the  second  burying  layer  8  but  also  on  the  mesa 
11  by  enlarging  the  crystal  growth  period,  resulting 
in  a  wafer  with  a  flat  surface.  An  n-sided  electrode 
and  a  p-sided  electrode  are  formed  on  the  upper 
face  of  the  grown  layer  9  and  the  back  face  of  the 

60  substrate  1  ,  respectively.  The  wafer  is  then  cleaved 
along  x-x  line,  resulting  in  a  semiconductor  laser 
device.  Because  of  the  flat  surface  of  the  wafer,  a 
junction  down-type  mounting  can  be  readily  carried 
out. 

65  Since  the  above-mentioned  semiconductor  laser 
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device  has  the  sufficiently  thick  burying  layers  7 
and  8  positioned  outside  of  the  mesa  11,  leakage 
current  II  never  occurs  even  in  the  area  12  at  a 
distance  from  the  mesa  11.  Therefore,  carrier 
injected  into  the  laser  device  distributes  to  a  light  5 
emission,  which  results  in  a  remarkable  decrease  in 
the  threshold  current  level,  21  mA  (when  the  internal 
cavity  length  is  250  p.m).  The  oscillation  wavelength 
attained  by  this  laser  device  was  780  nm.  This  laser 
device  also  oscillated  a  laser  beam  in  a  stabilized  10 
fundamental  transverse  mode  up  to  30  mW  optical 
output  power  at  continuous  oscillation  operation. 

This  invention  is  disadvantageous  in  that  when  the 
AlAs  mole  fraction  x  of  the  n-Gai-xAlxAs  protective 
layer  6a  is  less  than  0.03  (i.e.,  x<0.03),  the  first  and  15 
second  burying  layers  7  and  8  can  be  grown  on  the 
mesa  1  1  ,  which  causes  a  decreases  in  the  produc- 
tion  yield  of  the  laser  device  and  that  when  the  value 
of  x  is  greater  than  0.60  (i.e.,  x>0.60),  the 
discontinuity  in  the  cap  layer  9  arises  on  the  mesa  11  20 
and/or  the  crystal  quality  of  the  cap  layer  9 
deteriorates.  Thus,  the  value  of  x  should  preferably 
be  in  the  range  of  about  0.03  to  0.60  (i.e.,  0.03  <,*<, 
0.60). 

25 

Claims 

30 
1  .  A  semiconductor  laser  device  comprising  a 

substrate;  a  current  blocking  layer  disposed  on 
said  substrate;  a  striped  channel  formed  in  a 
manner  to  reach  said  substrate  through  said 
current  blocking  layer;  a  striped  mesa  disposed  35 
on  the  area  of  said  V-channel,  said  striped  mesa 
being  of  a  multi-layered  crystal  that  is  com- 
posed  of  a  first  cladding  layer,  an  active  layer,  a 
second  cladding  layer,  and  a  protective  layer  in 
that  order;  and  burying  layers  having  at  least  40 
one  of  the  following  two,  a  pn-reverse  bias 
junction  and  a  high  resistant  crystal,  said 
burying  layer  being  formed  on  both  sides  of  said 
striped  mesa,  wherein  said  protective  layer  is 
madeof  Gai-xAlxAs(x>0).  45 

2.  A  semiconductor  laser  device  according  to 
claim  1  ,  wherein  the  value  of  x  is  in  the  range  of 
about  0.03  to  0.60. 
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